Summary: The crown dimensions of the mandibular molars in Tupaia glis were measured. All the mean values of crown diameters and areas were larger for the M1 molar than for the M2 and M3. The last two molars were more reduced in the talonid component than in the trigonid compared to the M1, and were more reduced in the buccolingual than in the mesiodistal direction. The most common molar size sequence (MSS) was M1>M2>M3, and this pattern was more frequently observed in the talonid component than in the trigonid. In the canonical discriminant analysis, all the cases of the M3 were discriminated correctly, but some cases of the first two molars were confused with each other. The molars size of the mandible was closely related to that of the maxilla.
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In general, mammalian mandibular molars consist of the trigonid and talonid components. These components play a major role in the function of the masticatory system. Additionally, morphological gradients have been reported within the molars field from mesial to distal (Butler, 1939) , which relates closely to molar function, and are species-specific. Therefore, comparison of the form of the molars is very valuable from the viewpoint of comparative odontology.
The authors have already reported on the crown morphology of the maxillary molars in Tupaia glis (Kondo et al. , 1994) . In the present study, the crown dimensions of the mandibular molars in Tupaia glis were examined quantitatively, and the results obtained were compared with those of maxillary molars reported previously.
Materials and Methods
Twenty-seven skulls of Tupaia glis, housed at the Laboratory of Physical Anthropology, Faculty of Science, Kyoto University and the Second Department of Anatomy, School of Dentistry, AichiGakuin University were measured using a measure scope (Nikon, Japan), calibrated to 0.001 mm. The crown dimensions (Fig. 1) were total mesiodistal diameter (MD), the mesiodistal and buccolingual diameters of the trigonid (TRMD, TRBL) and the talonid (TLMD, TLBL). The standard of measurement employed was that of Hanamura et al. (1990) .
The crown indices were calculated as follows: Individual relationships within the molar series were observed, and the size reduction of molar teeth was analyzed quantitatively according to the reduction index (RI) described by Fujita (1950) . This index represents the size of the more reduced tooth (M2 or M3) relative to the less reduced tooth (M1) as a percent. The molar size sequence (MSS) was observed for each crown dimension. The M3 was always smaller than both the M1 and M2. When the RI of M2 was under 1% , the MSS was M1 = M7 for the purposes of calculation. A canonical discriminant analysis was obtained to summarize the morphological differences between each molar.
Swindler (1976) showed that the size of Tupaiid post-canine teeth displayed non-significant sexual dimorphism. For this reason, and because of the small sample size, the data for both sexes were combined.
Results Figure 2 shows an SEM micrograph of the mandibular molars. Table 1 contains the crown diameter and index means, standard deviations (SD), coefficients of variation (CV), and the results of a t-test between the molars. Table 2 shows the statistics of the RI indices in the M2 and M3 molars. All the mean values of crown diameters and areas were larger for the M1 than for the last two molars. The crown dimensions of the trigonid were slightly larger in M1 than in M2, but the differences were not significant. The most pronounced difference among the three molars was observed with respect to the TLBL. The RI indices indicated that the M2 and M3 molars were more reduced in the talonid component than in the trigonid, and were more reduced in the buccolingual than in the mesiodistal diameters. The RI indices of M2 and M3 were 96.55% and 73.23% , respectively, of M1, in the module. Differences in the LBI indices for both the trigonid and talonid components, and the MDI index were not significant between Mi and M2. This indicates that the talonid of these two molars had similar form and different size, whereas the trigonid components were nearly equal. Comparison of the CV showed that M3 varied the most in size, followed in order by M2 and MI. Table 3 shows the MSS for each crown dimension. The most common MSS was M1 > M2 > M3, and the frequencies varied from 40.91% to 81.82%. This pattern was found most frequently in the TLBL, and least frequently in the MD. Table 4a shows the coefficients based on canonical discriminant analysis. Of 66 molars (each of 3 molars in 22 cases), 20 cases of M1, 19 cases of M2, and all 22 cases of M3 were discriminated correctly (92.42% of all molars). cases of M2, and all 22 cases of M3 were discriminated correctly (90.91% of all molars). Figure 3 shows a schematic representation of the outlines of the tooth crown in the molars. The M. and M3 molars were smaller than the M1, especially in the talonid component. The trigonid components of the first two molars were nearly same sizes.
Discussion
In the Tupaiidae, the mandibular molars possess a classical trituberculo-sectorial pattern (Butler, 1980) . The trigonid and talonid have nearly equal mesiodistal diameters. The talonid is wider than the trigonid on M1, the trigonid and talonid are of equal width on M2, and the talonid is narrower on M3. Steele (1973) described that the mandibular molars decrease in size distally, with the M3 molar being distinctly smaller than the first two. The present study described the proportional differences within the molar series from an odontometrical viewpoint, and the results corresponded with these general descriptions.
In M2, the RI indices ranged from 93.78% to 99.03%. In M3, they varied from 54.17% to 88.17%, and 72.23% in the module. Additionally, the differences in size between M1 and M2 were shown to be small, especially in the trigonid dimensions. The authors have already reported the RI indices on the maxillary molars (Kondo et al., 1994) . With the exception of the mesial buccolingual diameter (MBL), the RI indices ranged from 80% to 90% on M2, and Table 3 . Molar size sequences (MSS) in the mandibular molars.
When the RI index of M2 is under 1%, the MSS is M1 = M2
Molars in Tupaia glis 271 Fig. 3 . Schematic representation of the crown dimensions in the molars. TR: trigonid, TL: talonid about 50% on M3. M2 was larger than 1\41 in the MBL, and the RI was 110.14% . In M3, the MBL was relatively larger than the other dimensions, and the RI was 85.05% , indicating that, with exception of the MBL, the RI indices were larger in the mandible than in the maxilla. Kay (1975) described that the mesiodistal diameter of M2 was highly correlated with body weight in primates, and he found that Tupaia had a larger M2 than did primates of similar body weight. Sakai et al. (1979) also observed that the reduction level of the M2 was lower in the mandibular than in the maxillary molars. The two distal mandibular molars were reduced buccolingually compared with M1. Conversely the mesiodistal reduction was marked in the maxilla. The most common MSS pattern, M1 > M2 > M3, was found more frequently in the talonid than in the trigonid component. Hanamura (1985) reported the MSS pattern of the mesiodistal diameter of the two families of insectivores. In Soricidae, the MSS pattern was M1 > M2 > M3, and in Talpidae it was M2 > M1 > M3, thus illustrating the inter-specific differences. In the canonical discriminant analysis, all the cases of M3 were discriminated correctly, but some cases of the first two molars were confused with each other. These results show that the 1141 and M2 molars have many similar features in Tupaia glis.
A precingulum was present on the mesial border of M2 and M3, but was never observed on M1 (Steele, 1973; Swindler, 1976; Butler, 1980) . As mentioned above, the trigonid size of M2 was constant in relation to that of M1. The distal end of M1 showed curvature of the mesial depression from an occlusal view, and the precingulum fitted into the depression. This cingulum was thought to be part of the talonid on M1 morphologically, and functionally it might help the hypoconulid on M1. Therefore, the functional mesiodistal diameter of the trigonid on M2 was thought to be somewhat smaller than the actual measurement.
With regard to occlusal relationships, the trigonid of M2 (protoconid) is closely related to the distal part of M1 (metacone) and the mesial part of M2 (paracone). The TRMD and TRBL of M2, the distal buccolingual diameter (DBL) of M1, and the mesial buccolingual diameter (MBL) of M2 comprised a functional unit, and they had relatively large size. Similarly, the talonid basin on M2 occludes the protocone on M2. The corresponding TLMD and TLBL of M2, and the lingual mesiodistal diameter (LMD) of M2 were more reduced as compared to these of Ml. Therefore, the proportional differences within the molar series can be explained by occlusal relationships.
